Introduction {#sec1-1}
============

Digital templating is a standard tool in total knee arthroplasty (TKA). In the process of digitization, the picture archiving and communication system (PACS) is widely used for the administration of X-ray images. Preoperative digital templating is useful in predicting implant size, the level of bone resections, the need for special implants, and the intraoperative anticipation of the plan.^[@ref1],[@ref2]^ The measurement of anteriorposterior and lateral radiographs is standard. ^[@ref3]^ However, preoperatively measured variables often do not match with the definitive size, thus they should be considered as a guideline. If the accuracy is extended to within one size, however, very good matching is obtained.^[@ref1],[@ref4]^ In the case of revision TKA, however, the accuracy and reliability of templating may be limited.^[@ref7]^ If a similar accuracy, compared to primary TKA, is achieved in revision templating, a reduction of implants and trays may be possible. This can lead to a considerable cost decrease.^[@ref6],[@ref8],[@ref9]^ However, only one templating study about revision TKA with a low number of cases has been published so far.^[@ref7]^ The experience of the observer is discussed as a further critical point in the literature on templating accuracy. An older study showed significant differences between the different training levels of the examiner, although recent studies failed to confirm this effect.^[@ref2],[@ref9],[@ref10]^ The variability in x-ray quality and enlargement can also have an influence on the measurement accuracy and reproducibility of the results.^[@ref2]^ Rotating hinge prostheses are mainly used in revision surgery. In case of instability and complicated soft tissue balancing, they can also be used in primary TKA.^[@ref11],[@ref12]^ Data about the templating accuracy of rotating hinge prosthesis is space, in primary and revision TKA. The Link Endo- Modell rotating hinge prosthesis comes in only four different sizes. This leads to a small implant depot. The aim of this study was to evaluate the precision of templating this prosthesis in primary TKA and revision TKA and the realization of the preoperative plan. Further, the training level of the observer was evaluated.

Materials and Methods {#sec1-2}
=====================

Between 01/2014 and 05/2017, 60 patients were operated with the LINK Endo-modell® rotation hinge prosthesis at two centers. The prosthesis was used in primary and revision TKA. All procedures were done by 3-4 experienced surgeons. Data collection was retrospective. All patients with primary or secondary osteoarthritis or patients with failed primary TKA which were operated with a LINK Endo-modell® rotation hinge prosthesis were included in this study. Derotated xrays were the only exclusion criteria. After reviewing the x-rays, 40 patients were included in this study. The prosthesis has four different sizes and the components of femur and tibia cannot be combined in different size. All patients received preoperatively standard x-ray with a 25mm or 30mm metal ball for referencing. X-rays included an anterior-posterior view, a lateral view, a patella tangential view and a long-leg view. Two observers with different experience levels performed the preoperative templating: one senior surgeon and one sixth month resident ([Figure 1](#fig001){ref-type="fig"}). The investigations were carried out independently and have been blinded in relation to the size finally used. The software OrthoView digital planning (OrthoView LLC, Jacksonville, Florida) was used for templating. Data processing was performed using the spreadsheet program Microsoft Office Excel 2013 (Microsoft Co., Redmond, WA). The statistical evaluation was carried out with the software IBM SPSS Statistics 21 (IBM Co., Armonk, NY). The Pearson coefficient was calculated to determine the correlation between templated and actually sizes. The kappa coefficient was also calculated to evaluate the inter-observer validity. Frequency distribution analyses were performed as well.

Results {#sec1-3}
=======

In [Table 1](#table001){ref-type="table"} coefficients and level of agreement are shown. The Pearson coefficients for the two observers are shown in [Table 2](#table002){ref-type="table"}. The 6th month resident shows a *moderate* and the senior surgeon a *substantial* correlation to the actual size of all cases. If only the primary TKAs are considered, there are *moderate* correlations. However, these are not significant. The revision TKA shows a *moderate* correlation with the 6th month resident and a *substantial* correlation with the senior surgeon. The coefficients indicate a very good agreement between the accuracy of the two observers in all examinations. For the inter-observer validity, the kappa coefficient was used. The results are shown in [Table 3](#table003){ref-type="table"}. The accuracy is shown in [Table 4](#table004){ref-type="table"}. It differs between the observers. Both in the primary TKAs and the revision TKAs, the senior surgeon has a higher accuracy than the 6th month resident. Overall, the prostheses were more often templated too large.

Discussion {#sec1-4}
==========

The most important findings of this study are that the LINK Endo model rotating hinge prosthesis for the revisions TKA can be templated very well. The accuracy, however, depends on the experience of the observer. This study is the first to investigate the preoperative templating of the LINK Endo-modell prosthesis. This rotating hinge prosthesis is primarily used for revision TKA, but may also be used in complicated primary cases. Particularly when a very high instability is present.^[@ref11]^ In this study, TKA and R-TKA have been retrospectively examined for templating accuracy. Preoperative templating is a well-studied and important tool in primary resurfacing TKA. Many studies focused on the accuracy and reproduction of templating for TKA.^[@ref2],[@ref4],[@ref9],[@ref10],[@ref13]^ However, there is only one study in the literature dealing with preoperative templating revision TKA and high constrained models.^[@ref7]^ Jain *et al.* conducted the measurement on 10 revision cases. In the present study, 30 R-TKA and 10 TKA were examined. Different results are published about templating accuracy. If the accuracy is determined to the exact size, data differ from 42 to 68%.^[@ref1],[@ref9],[@ref10]^ Templating of the tibia is usually more accurate than of the femur. The different diameters of the lateral and medial femoral condyle are discussed as one of the causes. Furthermore, the bony landmarks are more difficult to define.^[@ref5],[@ref9]^ Another reason for the inconsistent data is seen in the quality of x-rays. Enlargement and rotation play a crucial role.^[@ref2],[@ref9]^ If the accuracy is determined within one size, the accuracy in the literature increases to 88-93%. These results are considered satisfactory.^[@ref1],[@ref2],[@ref5],[@ref9],[@ref10]^ Due to the low accuracy, the results are interpreted as indicative of the size to be implanted rather than a definitive prediction.^[@ref6]^ Jain *et al*. published an accuracy of 46.8% (femur) and 41.9% (tibia) for revision TKA. They see the accuracy of the planning as too insufficient to make reliable predictions. The reason for this is, in addition to the general difficulties, the preoperatively unpredictable bone loss during the exploration of the insitu prosthesis.^[@ref7]^ Why the accuracy of the tibial component is less than that of the femoral component stays unclear. In the present study, the accuracy of templating the exact size for primary TKA differs from 60 to 70%. The accuracy for revision TKA differs from 67.9 to 82.1%. If all cases are considered together, the values are 65.8 and 78.9%, respectively. The Pearson correlation between the templating of the 6^th^ month resident in revision TKAs and the actual size is considered as *moderate* in this study. On the other hand, the senior surgeons templating is *substantial*. Due to the low number of patients, no significant correlation was evaluated for primary TKA. The results coincide with a comparable study.^[@ref7]^ However, the data of the present study must be considered in terms of the fact that four different sizes of the prosthesis exist and that these cannot be combined with each another. As a result, a decision must be made in the case of a discrepancy between the femoral and tibial components. The experience of the observer seems to play a significant role in templating. Compromises in the determination of the size must therefore be made both femoral, tibial and in combination. Experience has shown that the templating of the femoral component predominantly takes place in the lateral X-ray image, thus anterior posterior size. Intraoperatively, however, the size determination is primarily performed over the width of the condyles. This can explain the deviation between the planning and the actually implanted size. In cases where templating does not match the actual size, the components were planned too large ([Table 4](#table004){ref-type="table"}, [Figures 2-4](#fig002){ref-type="fig"}).

Nevertheless, the values are comparable with those of the literature and seem to be slightly higher. The kappa coefficient was ascertained to evaluate the inter-observer validity. Overall, there was a *substantial* correlation. This means that the investigators planned a high percentage of the same cases correctly and incorrectly. This confirms to the theory above. The role of the investigator's experience was not evaluated a lot yet. Ettinger *et al*. and Hsu *et al*. could not detect any significant differences between the different training levels in templating accuracy. Both clinical beginners and senior knee surgeons have been able to achieve similar results.^[@ref2],[@ref9]^ Carter et al. in contrast, published a certain difference. The accuracy varied according to the experience level from 82% to 95%.^[@ref10]^ In the present study, a difference between the experience levels of the observers was also found. The senior surgeon was able to achieve higher accuracy for both primary TKAs and RTKAs. In addition, the templating of the senior surgeon has a substantial correlation with the current size. In contrast, the 6^th^ month resident only has a moderate correlation.

The templating and the associated prediction of the prosthesis size could have an impact on the cost efficiency. Hsu *et al.* published a study on the templated-directed instrumentation (TDI). For the two most commonly used prosthesis sizes, three light-weight trays were provided by the manufacturer only with the most necessary instruments. The number of trays used was finally documented. In 97% of the cases, the trays and instruments provided were adequate. A cost analysis was carried out. With the aid of the TDI, the costs for the preparation, sterilization and packing of the trays could be reduced by more than double.^[@ref8]^ This makes the economic relevance of templating remarkable. The results of this study do not currently allow any TDI to implant the LINK Endo model knee prosthesis.

This study has limitations. Due to the low number of patients of primary TKA, only limited valid statements can be made. A larger number of patients is necessary to confirm or refute the statements. This is very difficult because of the very strict indication of the prosthesis for primary care. Furthermore, the quality of X-ray images can have an influence on the measurement accuracy of the examiners. The component of the rotation has already been shown. The intra-observer validity was not determined.

Conclusions {#sec1-5}
===========

In summary, the LINK Endo model rotating hinge prosthesis for TKA and RTKA can be templated very well. The accuracy, however, depends on the experience of the observer. In the cases were the templating was incorrect, the prosthesis was implanted smaller than the preoperative plan. The following relationship could be possible: the preoperative templating takes place in the sagittal plane at the femur. However, the intraoperative size determination happened in the frontal plane. The prosthesis shows a mismatch for some individual anatomic situations. As a consequence, the femoral component could be in the sagittal plane slightly to small. The size of the tibia has to be the same as the femur. Consequently, compromises have to be made in some cases. With this knowledge very good results can be made with this prosthesis.

![Templating for a primary TKA with a rotating hinge prosthesis.](or-10-4-7811-g001){#fig001}

![Templating for a revision TKA with a rotating hinge prosthesis.](or-10-4-7811-g002){#fig002}

![Pre and post-surgery x-ray in anterior-posterior view after primary TKA with templated size L and actual size M.](or-10-4-7811-g003){#fig003}

![Pre and post-surgery x-ray in lateral view after primary TKA with templated size L and actual size M.](or-10-4-7811-g004){#fig004}

###### 

Coefficients and level of agreement.

  Coefficients   Level
  -------------- -------------
  0              poor
  0-0,2          slight
  0,2 -- 0,4     fair
  0,4 -- 0,6     moderate
  0,6 -- 0,8     substantial
  0,8 -- 1,0     very good

###### 

Pearson correlation between templated and actual size.

  Correlation                         Actual size vs. 6th month resident   Actual size vs. senior surgeon   6th month resident vs. senior surgeon
  -------------- -------------------- ------------------------------------ -------------------------------- ---------------------------------------
  All cases      Pearson Coefficent   0,570                                0,781                            0,806
                 Signification        0,00                                 0,00                             0,00
  Primary TKA    Pearson Coefficent   0,493                                0,557                            0,885
                 Signification        0,148                                0,094                            0,001
  Revision TKA   Pearson Coefficent   0,599                                0,846                            0,780
                 Signification        0,001                                0,00                             0,00

###### 

Inter-observer validity.

  Correlation                       Senior surgeon vs. 6th month resident
  -------------- ------------------ ---------------------------------------
  All cases      Kappa Coefficent   0,711
                 Signification      0,00
  Primary TKA    Kappa Coefficent   0,825
                 Signification      0,001
  Revision TKA   Kappa Coefficent   0,667
                 Signification      0,00

###### 

Frequency distribution.

  Accuracy                   6th month resident, %   Senior surgeon, %
  -------------- ----------- ----------------------- -------------------
  All cases      Accurate    25 (65,8)               30 (78,9)
                 1 bigger    10 (26,3)               6 (15,5)
                 1 smaller   3 (7,9)                 2 (5,3)
  Primary TKA    Accurate    6(60)                   7(70)
                 1 bigger    3(30)                   2(20)
                 1 smaller   1(10)                   1(10)
  Revision TKA   Accurate    19 (67,9)               23 (82,1)
                 1 bigger    7(25)                   4 (14,3)
                 1 smaller   2 (7,1)                 1 (3,6)
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